Abstruc&The presence of Flexible AC Transmisston System (FACTS) devices in the loop significantly affects the apparent resistance and reactance seen by a distance relay, as FACTS devices respond to changes in the power system configuration. The objective of this paper is to investigate the effect of mid-point compensation of STATic synchronous COMpensator (STATCOM) on the performance of impedance distance relay under normal load and fault conditions and to implement the adaptive distance relaying scheme for transmission line protection. From the simulation studies carried out in PSCAD software and using andyticd calcdations, it is identified that there 1s a need €or the distance relay to adapt to the new setlings in its characteristic for the detection of fault within the zone of protection of transmission line. Apparent impedance is simulated for different loading and h e to ground (L-G) fault cooditlons at different Iocations on the power system network. The proposed adaptive distance relay scheme has been implemented on TMS320C50 Digital Signal Processor @SP) system.
I. INTRODUCTION daptive relaying [l], [2] scheme in power system
A protection involves the use of relays, which may need to change their characteristic to suit the prevailing conditions. Genedly a protective system responds in a predetermined manner to any contingency or fault. It is often necessary to make a setting that covers great many conditions and consequently is less suitable for the normal conditions, which the relay would face most of the time. Hence, under certain conditions with appropriate safeguards, it is desirable to make relays adapt to changing conditions.
If there are any FACTS devices present in the loop where the distance relay zone is defined, the distance relay resistance and reactance reach settings may not be same for all the operating points of the power system. 
n. A N U Y T I C A L CALCULATIONS
The current 0 and impedance (Z) can be evaluated based on active power (P) and reactive power (Q) as given in (1) and (2). Resistance (FtJ and reactance (x,) values are normally evaluated using Fourier full cycle algorithm by inputting instantaneous voltage (V) and current (I) values for the distance relay. Apparent resistance and reactance of the distance relay can also be evaluated based on cycle-to-cycle active power and reactive power transfer at relay point as given in (3) and (4).
Variation of resistance and reactance with respect to reactive power demand for a constant active power demand can be calculated using equations given in (5) and (6).
It is evident from the above expressions that apparent resistance increases w i t h decrease in the reactive power while apparent reactance decreases with decrease in the reactive power.
ID. E m~r OF STATCOM
Applications of STATCOM include voltage control, steady state and transient stability enhancement [6], [7] . The response of STATCOM is very fast, typically 1-1.5 cycles for its restive power range. In this paper, the effect of the midpoint compensation of STATCOM on the performance of distance relays is considered. Reactive power support fkom the STATCOM positioned at mid point reduces the burden on the sending end station. The STATCOM responds to changes in the system conditions and maintains the voltage at specified value by controlling its output reactive power.
The term A Q in (5) and (6) represents the difference of reactive power at sending end in the absence and presence of STATCOM at mid point of the transmission line. The decrease in the reactive power demand at sending end w i t h the presence of STATCOM significantly affects the resistance and reactance reach of the distance relay as these values depend on both active power and reactive power flows. Detailed sitnulation studies have been carried out to t h d out the apparent resistance and reactance values during normal loading and fault conditions. Table I shows the resistance and reactance variations, with and without STATCOM, for different reactive power demand.
IV. POWER SYSTEM MODEL
It has been observed that the apparent resistance increases with the decrease in the reactive power demand. With increase in the reactive power demand on the receiving end there is a decrease in the apparent reactance at the relay point. This is because of the supply of more reactive power into the system by the STATCOM to maintain the voltage at specified reference value. Table I1 and Table III show the variation of resistance and reactance when L-G fault occurs when the system is loaded (32.Wj32.0 M A ) . It can be observed that higher value of impedance has to be set when STATCOM is included at the mid point of transmission line. Hence the relay may not identify the fault with its normal setting (without STATCOM), which necessitates the adaptive nature of relay setting whenever STATCOM is included in the system. 
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The additional information needed for this setting is the reactive power supply of STATCOM. Assuming the availability of STATCOM cycle-to-cycle reactive power infomtion by carrier communication, it is possible to calculate the actual values of resistance and reactance, so that distance reiay setting can be modified accordingly. Mid point compensation has an advantage that it effectively reduces the line reactance to half the value. So the reactive power needed far the STATCOM is less when compared to the supply of the reactive power from sending end (in the absence of STATCOM) in order to d t a h the same voltage profile. Approximate values of resistance and reactance can be evaluated using (3) and (4), by replacing reactive power term w i t h the sum of reactive power at sending end and reactive power fiom STATCOM.
W. hPLEMENTATION
The relay design comprises of hardware and software. The hardware set-up for the implementation of adaptive distance relay for transmission line protection is shown in Fig. 8 . The data files containing the samples of instantaneous voltage and currents obtained from simulation studies of PSCADEMTDC model are reproduced using the waveform simulator. New settings of distance relay have been calculated using active power, reactive power flows at the sending end and reactive power of the STATCOM. Quadrilateral characteristic has been realized for distance relaying scheme for both the cases of with and without STATCOM. Since resistance and reactance can be independently controlled, the proposed scheme can be used for applications in adaptive relaying. The waveform simulator generates the relaying signals on a real-time basis using a 12-bit Digital to Analog converter card interfaced to PC. The relaying bardware has been built using 
